DIRECTION AND SPEED ADJUSTMENT OF WORKING FANS FOLLOWING FAN FAILURE TO FACILITATE SUFFICIENT COOLING FOR A SERVER RACK by Mishra, Garima
Technical Disclosure Commons 
Defensive Publications Series 
December 2021 
DIRECTION AND SPEED ADJUSTMENT OF WORKING FANS 
FOLLOWING FAN FAILURE TO FACILITATE SUFFICIENT COOLING 
FOR A SERVER RACK 
Garima Mishra 
Follow this and additional works at: https://www.tdcommons.org/dpubs_series 
Recommended Citation 
Mishra, Garima, "DIRECTION AND SPEED ADJUSTMENT OF WORKING FANS FOLLOWING FAN FAILURE 
TO FACILITATE SUFFICIENT COOLING FOR A SERVER RACK", Technical Disclosure Commons, (December 
03, 2021) 
https://www.tdcommons.org/dpubs_series/4762 
This work is licensed under a Creative Commons Attribution 4.0 License. 
This Article is brought to you for free and open access by Technical Disclosure Commons. It has been accepted for 
inclusion in Defensive Publications Series by an authorized administrator of Technical Disclosure Commons. 
 1 6694 
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RACK 
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ABSTRACT 
The malfunctioning of one or more fans in an array of fans that are housed in a 
server rack results in, among other things, insufficient cooling and customer dissatisfaction, 
followed by fan replacement, and in some cases the replacement of an entire product.  
Occasionally during a malfunction case, the speed of the remaining working fans may be 
boosted to their highest speed to cool a device until a failed fan may be replaced.  However, 
such boosted speed create a significant amount of noise and thus trigger severe customer 
dissatisfaction.  To address these types of challenges, techniques are presented herein that 
support, among other things, the selective rotation and speed adjustment of one or more 
fans to allow a device to carry on with the same expected product performance.  Aspects 
of the presented techniques employ an adapter plate and an adapter housing that has a built-
in gear and pivot arrangement that allow a fan to be manually rotated about its pivot, 
through preset angular increments, by means of a small ergonomic lever.  Application of 
the presented techniques allows the equipment to work, without any replacement needed, 
even with one failed fan (as the remaining working fans -- with their directions changed 
and their speeds increased somewhat -- will cover the area) yielding tangible benefits 
including cost savings, increased reliability, and improved customer satisfaction. 
 
DETAILED DESCRIPTION 
The malfunctioning of a single fan or the malfunctioning of multiple fans in an 
array of fans that are housed in a server rack results in, among other things, insufficient 
cooling, overheating, equipment failure, and customer dissatisfaction, followed by fan 
replacement, and in some cases the replacement of an entire product. 
Identification of the optimum placement and selection of fans during the product 
development cycle of a server are commonly finalized through a thorough process of 
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design calculations and simulations and then further validated through product testing.  
Consequently, within a customer base when a fan replacement request is raised it implies 
that the thermal management of a system is impacted.  As a quick fix, the developers may 
boost the remaining working fans to their maximum speed.  This, however, does not 
necessarily mean that the remaining working fans will deliver the same heat removal 
efficiency as they may not cover the required real estate as was intended by the original 
complement of fans.  Additionally, such an approach may generate a great deal of acoustic 
noise, which will persist (as the fans are forced to continue operating in such a manner) 
until a field engineer (FE) arrives (which may take between one and two weeks) and 
replaces the failed fan. 
Additionally, there may be incidents of customer dissatisfaction resulting from the 
excess noise that is created as a result of boosting the speed of the remaining working fans 
to maximum For example, such an approach may result in a high degree of disturbance for 
people who are working around that zone.  Further, such an approach may produce 
troublesome vibration.  Consequently, the "pain points" that may arise from a fan 
malfunction may be summarized as: 
 Undesired thermal management results which may, for example, shorten the 
life of high heat-producing components inside of a server, thus bringing down 
the overall life of a product.  
 Excessive power consumption due to maximizing the fan performance without 
any understanding of the actual heat transfer requirements.  
 Excessive noise for anyone who may be working around a server. 
To address these types of challenges, techniques are presented herein that support the 
selective rotation and speed adjustment of one or more fans. 
Typically, fans are selected and placed as either off the shelf or catalogue items and 
are chosen based on, possibly among other things, the efficiency requirements and board 
layout.  Such fans are rigidly mounted with screws to the server housing or enclosure.  A 
fan’s position is fixed and no relative movement is allowed.  Figure 1, below, depicts an 
exemplary fan as described above. 
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Figure 1: Exemplary Fan 
 
According to aspects of the techniques presented herein, a customized adapter 
housing can be introduced to each fan.  An individual fan may be assembled using the same 
four screws onto the adapter housing.  The adapter housing has a built-in simple gear and 
pivot arrangement that allows the fan to be manually rotated about its pivot, through preset 
angular increments, by means of a small ergonomic lever.  An adapter housing, according 
to aspects of the techniques presented herein, introduces the flexibility of moving a fan 
along pre-defined angles while remaining rigidly mounted on the walls of a server. 
Aspects of the techniques presented herein encompass an assembly comprising a 
number of parts, including: 
 A fan.  Existing fans may become part of the product bill of materials (BOM) 
according to aspects of the techniques presented herein. 
 An adapter plate.  A generic customized design with an array of mounting hole 
locations to affix typical fan choices.  Such a plate has a duplicated hole and 
gear teeth design at its rear to engage with the adapter housing and facilitate 
mounting and swinging. 
 An adapter housing.  A housing that is used for enclosing the fan and the adapter 
plate.  It contains a gear recess and pin that engage with an adapter plate to 
provide for the swinging of the fan and adapter plate subassembly.  Such a 
housing itself is rigidly mounted to the rack server enclosure walls. 
Figure 2, below, depicts elements of a generic design of an assembly as described 
above. 
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Figure 2: Exemplary Generic Design 
 
Applying aspects of the techniques presented herein introduces a degree of freedom 
that allows the fans to now rotate along predefined angles.  Such a capability allows an end 
customer to take corrective action when one or more fans are not functioning. 
Based upon the position and the number of fans that are not working, a customer 
may refer to an installation manual to understand the new angle and speed of each fan 
(which are situated side by side).  Among other things, a truth table may be provided to 
help guide the customer.  A portion of exemplary truth table is presented in Table 1, below. 
 
 Fan 1 Fan 2 Fan 3 Fan 4 Fan 5 
Condition 1 1 0 1 1 
Angle 10 20 NA -20 -10 
Speed 110% 120% NA 120% 110% 
Condition 1 0 1 1 1 
Angle 20 NA -20 -10 -5 
Speed 120% NA 120% 110% 105% 
Table 1: Exemplary Truth Table 
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The truth table that is presented in Table 1, above, encapsulates a number of 
principles.  One such principle articulates that a fan's speed will be raised in proportion to 
its distance from a malfunctioning fan programmatically.  Another such principle 
articulates that the fans that are closest to a failed fan will operate at near-maximum speed 
while the other fans will slightly increase their speed to provide sufficient cooling.  Not 
maxing out all of the fans will help to mitigate and manage some of the acoustic issues. 
A FE may consult various resources (including, for example, a truth table such as 
presented in Table 1, above) to understand the new speed of each fan. However, the speed 
will be managed by the firmware. 
Figures 3A and 3B, below, depict elements of an exemplary fan arrangement in a 
typical server architecture. 
 
 
 
Figure 3A: Fan Arrangement Figure 3B: Ideal Condition 
 
Figure 3A, above, illustrates an exemplary fan arrangement and Figure 3B, above, 
depicts elements of an ideal condition where all of the Figure 3A fans are operating at the 
desired revolutions per minute (RPM) and generating the indicated normal airflow 
(covering each fan’s assigned default real estate). 
Employing the exemplary fan arrangement that was presented in Figure 3A, above, 
Figures 4A and 4B, below, present elements of a first illustrative malfunction case. 
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Figure 4A: Fan Three Malfunction Figure 4B: Illustrative Corrective Action 
 
In Figure 4A, above, fan number three has malfunctioned resulting in the indicated 
abnormal airflow.  Figure 4B, above, depicts the results of a corrective action 
(encompassing the selective rotation and speed adjustment of the remaining working fans 
according to aspects of the techniques presented herein) generating the indicated airflow.  
Still employing the exemplary fan arrangement that was presented in Figure 3A, 
above, Figures 5A and 5B, below, present elements of a second illustrative malfunction 
case. 
 
 
 
Figure 5A: Fan Four Malfunction Figure 5B: Illustrative Corrective Action 
 
In Figure 5A, above, fan number four has ceased working resulting in the indicated 
abnormal airflow.  Figure 5B, above, depicts the results of a corrective action 
(encompassing the selective rotation and speed adjustment of the remaining working fans 
according to aspects of the techniques presented herein) generating the indicated airflow.  
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For example, the remaining fans will be boosted with different speeds automatically based 
on the pivot table and the pivot table in the manual can be referenced by an FE in order to 
turn the gear of the fan as per the instructions and position of the remaining fans with 
respect to the failed fan. The change in direction and speed of the fans will enable the 
remaining working fans to cover the entire area and provide sufficient cooling for the 
equipment while also controlling the acoustics.  
According to aspects of the techniques presented herein, the angle and fan speed 
values that were presented in Table 1, above, may be further researched and validated.  For 
example, such values may drive the gear design which yields the pre-fixed angles. 
The techniques presented herein offer a number of benefits or advantages.  For 
example, by employing the resulting change in fan angle and speed it is possible to achieve 
almost the same condition of cooling in spite of one or more fans not working.  Further, 
through techniques herein it is not necessary to replace a nonworking fan in the event of a 
single fan failure.  Additionally, it is not necessary to increase a fan’s speed to a maximum 
value for all fans or zones.  The speed may be increased according to the calculations in a 
truth table (e.g., see Table 1, above) as per the heat transfer requirements. 
According to aspects of the techniques presented herein, for specific products in the 
future a development team may perform a detailed analysis and suggest the actual values 
for a truth table (see, e.g., Table 1, above) based on the complexity and real estate of the 
team’s motherboard. 
Over the last several years, the industry has faced a large number of customer 
complaints and escalation with data center products. These products range from routers 
and switches to servers, etc. This issue has caused severe customer concern because of 
overheating or noise. Handling such escalations and providing solution has cost the product 
OEMs millions of dollars in terms of replacement and support cost. 
It is important to note that there would be a higher cost if an entire product or a 
motherboard would have been replaced.  In addition to the cost noted above, another 
applicable cost arises from support.  For example, if the resolution of a fan case consumes 
10 hours of time (including the opening of an RMA, logistics, and field engineer (FE time) 
that results in approximately 1,000 hours per year.  Such an amount represents a significant 
cost to a data center product vendor. 
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By applying aspects of the techniques presented herein, an impacted piece of 
equipment may work, without any replacement needed, even with one failed fan.  Based 
on the metrics that were presented above for the exemplary data center product vendor, 
such a benefit would translate into a savings of millions of dollars during the past ten years 
in replacing at least one failed fan for a customer. 
Additionally, by applying aspects of the techniques presented herein a customer 
does not need to schedule a maintenance window and can avoid expending the time that 
would be spent by resources in arranging an RMA and getting a fan replaced.  For example, 
in the case of a single fan failure the application of aspects of the techniques presented 
herein (encompassing a change in the direction and speed of the remaining working fans) 
will enable the remaining working fans to cover the entire area and provide sufficient 
cooling for the equipment. 
A data center product  vendor may have different types of fans in different data 
center products such as, for example, switches, servers, chassis, etc.  Aspects of the 
techniques presented herein may be used across all such products that employ fans for 
cooling through the introduction of a swinging adapter and fixture plate assembly as 
described and illustrated in the narrative that was presented above. 
The narrative that was presented above focused on a manual change to a fan's 
direction.  Such an approach offers the benefits of, for example, being more cost efficient 
and less prone to error or damage.  It is important to note that aspects of the techniques 
presented herein also encompass an automated approach to such changes. Such an 
approach offers the benefit of, for example, eliminating manual intervention. 
An automated approach, according to aspects of the techniques presented herein, 
may incorporate extra hardware and software controls and components.  For example, a 
motor, a gearbox, and controlling software may be combined to automatically change a 
fan's direction without the need for human involvement.  However, such elements (i.e., a 
motor, a gearbox, and controlling software) introduce additional points of failure, increase 
a product's cost (e.g., the cost of the motor, gearbox, and software), and increase a product's 
size (e.g., more real estate is required for the motor and the gearbox). 
Figure 6, below, depicts elements of one automated approach that is possible under 
aspects of the techniques presented herein. 
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Figure 6: Exemplary Automated Approach 
 
As illustrated in Figure 6, above, a motor may change the direction of a fan through 
the use of a crankshaft. 
Figure 7, below, depicts elements of an exemplary arrangement to which 
computational fluid dynamics (CFD) modeling may be applied (various results of which 
will be described below). 
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Figure 7: Exemplary Arrangement 
 
Figure 8, below, presents the results of a CFD modeling run (using the exemplary 
arrangement that was presented in Figure 7, above) for a straight airflow. 
 
 
Figure 8: CFD Results for Straight Airflow 
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Figure 9, below, presents the results of a CFD modeling run (again using the 
exemplary arrangement that was presented in Figure 7, above) for an airflow that is directed 
towards U1 (i.e., fans one and four). 
 
 
Figure 9: CFD Results for Directed Airflow 
 
In summary, techniques have been presented herein that support, among other 
things, the selective manual rotation and programmatic speed adjustment of one or more 
fans to allow a device to carry on with the same expected product performance.  Aspects 
of the presented techniques employ an adapter plate and an adapter housing that has a built-
in gear and pivot arrangement that allow a fan to be manually rotated about its pivot, 
through preset angular increments, by means of a small ergonomic lever.  Application of 
the presented techniques allows equipment to work, without any replacement needed, even 
with one failed fan as the speed of the remaining fans will only increase somewhat, yielding 
tangible benefits including cost savings, increased reliability, improved customer 
satisfaction, reduced customer downtime, lowered production downtime cost, reduced FE 
cost, lowered support and replacement equipment burdens, etc., all of which contribute to 
an improved overall customer sentiment about a product and an original equipment 
manufacturer (OEM). 
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